Background Multivisceral resection for T4b colon cancer constitutes a heterogeneous group of surgical procedures. The purpose of this study was to explore clinically distinct categories of multivisceral resection, with subsequent correlation to postoperative complications and oncological outcomes. Methods In this multicenter cohort study, all consecutive patients without metastases who underwent multivisceral resection for pT4bN0-2M0 colon cancer between 2000 and 2014 were included. Multivisceral resection was divided into four categories: (i) gastrointestinal (including the stomach), (ii) urologic ((partial) bladder and ureter), (iii) solid organ (spleen, kidney, liver, pancreas, and uterus), and (iv) abdominal wall/omentum/ovaries. The primary outcome was surgical complications and secondary outcomes were 5-year intra-abdominal recurrence, disease-free survival, and overall survival. Results In total, 130 patients who underwent curative intent resection of pT4 colon cancer were included. Patients who underwent multivisceral resection within multiple categories were assigned to one of the categories based on hierarchy of clinical impact after exploratory analysis. For the primary endpoint, 55 patients were assigned to gastrointestinal, 14 to urologic, 14 to solid organ, and 47 to abdominal wall/omentum/ovaries multivisceral resection. Gastrointestinal multivisceral resection was independently associated with surgical complications (HR 3.9, 95% CI 1.4-10.6). Abdominal wall/omentum/ovaries multivisceral resection was significantly related with intra-abdominal recurrence (HR 7.8, 95% CI
Introduction
Approximately 5% of patients with colon cancer already have invasion of adjacent organs or structures (stage T4b) at time of presentation. 1 For these patients, a multivisceral resection (MVR) is required to achieve curative intent surgery (R0-resection). Reported postoperative complication rates after MVR are relatively high (> 30%), with local recurrence rates around 10% and 5-year overall survival around 50%. 2 MVR for colon cancer constitutes a heterogeneous group of surgical procedures, varying from an en bloc resection of adherent peritoneum to cystectomy with Bricker deviation. Despite the assumption that these different procedures have a different risk profile, no attempt to further categorize MVRs has yet been made. Recognizing different risks of surgery is relevant for informing patients preoperatively and could endorse tailored operative risk management or follow-up strategies. Furthermore, in the era of centralization of low-volume care with high complexity, it is important to specifically define high-risk surgical procedures. Subsequent benchmarking requires adequate case mix correction in the context of clinical auditing. So far, data on MVR for locally advanced colorectal cancer are mainly based on relatively small cohorts with restricted details on the different surgical procedures that were performed, and predominantly including rectal cancer patients. [3] [4] [5] [6] [7] The aim of this international multicenter trial was to explore subcategories of MVR for T4b colon cancer and to evaluate the association of these subcategories with postoperative surgical complications as primary outcome, with oncological outcomes as secondary outcome parameters.
Materials and Methods

Patients and Databases
Four prospectively maintained T4 colon cancer databases of the University Hospital Leuven in Belgium, the Dutch teaching hospital St. Antonius, and two Dutch university medical centers (Radboud UMC and Amsterdam UMC) were combined. All consecutive patients undergoing curative intent MVR (R0/R1) for primary T4bN0 Patients were excluded when they were known with distant metastatic disease at time of diagnosis (M1), and when pathological or surgical report was missing. According to the national guidelines, adjuvant chemotherapy was recommended in high-risk stage II and stage III colon cancer for a total duration of 6 months. In the first years of the study period, adjuvant chemotherapy consisted of fluoropyrimidine monotherapy (5-flourouracil or capecitabine); since 2005, oxaliplatin (FOLFOX or CAPOX) was preferably added. Oncological follow-up lasted 5 years, including colonoscopy, abdominal ultrasound or CT, chest radiography, and tumor markers during regular outpatient clinic visits. Survival status was updated on October 2018. This study was waived from review of the medical ethics boards. Reporting of the data adheres to the STROBE Statement.
MVR Classification
MVRs were subdivided based on the involved structures and clustered based on both belonging to a certain tract and generally considered similarity regarding impact on surgical complications and/or peritoneal recurrence. MVR categories were defined before any analysis of the data: (i) gastrointestinal, defined as additional bowel resection with or without extra anastomosis and/or partial gastric resection; (ii) urologic, containing additional resection of (partial) bladder and/or ureter; (iii) (parts of) solid organs, such as the pancreas, spleen, kidney, liver, or uterus; and (iv) abdominal wall/omentum/ovaries. When (parts of) solid organs were resected, it was because of invasion from the primary tumor, and not because of distant metastases. Although the ovary can be considered a solid organ, it was decided to categorize this together with the abdominal wall and omentum based on the considered low impact on surgical complications, and all being target organs for peritoneal metastases. In exploratory analyses, the outcome measure was assessed when only one category was involved and also when structures from other categories were resected besides the category of interest. A hierarchy was made in MVR categories based on clinical impact, from highest to lowest using the derived HRs with 95% confidence intervals. Patients who underwent MVR within multiple categories were subsequently assigned to the MVR category of highest impact first, and then to the second, third, and fourth category with decreasing clinical impact. For example, if a patient underwent both resection of small bowel and abdominal wall, the patient was categorized to gastrointestinal MVR based on exploratory analysis that showed a higher risk of complications related to the additional bowel resection if compared to excision of part of the abdominal wall.
Removal of organs not adjacent to the tumor, such as cholecystectomy for symptomatic gallstone disease or splenic resection for iatrogenic injury, was not considered MVR for the purpose of this study.
Variables and Outcomes
The primary outcome was surgical complications within 30 days or during hospitalization, including postoperative surgical site infection (SSI), containing deep incisional and organ/ space SSIs (i.e., anastomotic leakage and abdominal abscess), ileus in the absence of a SSI, and postoperative bleeding. 8 The patient files were retrospectively reviewed to extract particulars of these complications. Surgical complications were categorized in accordance with the Clavien-Dindo (CD) score. Only CD scores of ≥ 2 were extracted for analysis, as retrospective data collection was considered not accurate enough to identify CD 1.
9 Secondary outcomes were intra-abdominal recurrence rate, 5-year disease-free survival (DFS), and overall survival (OS). Intra-abdominal recurrence was defined as any potential site of outgrowth of free intraperitoneal cancer cells including incisional, local recurrence, ovarian, omental, and peritoneal metastases. Pathology reports were reviewed for pathological staging and MVR classification. T4b colon cancer was defined according to TNM7. 10 Completeness of resection was classified as R0 (radical) and R1 (microscopic irradical) resection.
Statistical Analysis
Differences in baseline characteristics between the MVR groups were assessed using a chi-square test, or a Fisher's exact test, as appropriate. Continuous variables were reported as mean and standard deviation (SD). The primary outcome (surgical complications) was analyzed using logistic regressing. Variables were included in the model based on a directed acyclic graph (DAG), 11 in which identified (potential) confounders from previous series were incorporated.
12-14 Additionally, Bonferroni correction was used to correct for multiple testing. Potential confounders associated with oncological outcomes (intra-abdominal recurrence, OS, and DFS) were also based on literature and were identified using cox regression. 15, 16 Variables were included in the multivariable model when the p value was < 0.10 in the univariable analyses. Multicollinearity was assessed for all multivariable analyses. Due to multicollinearity between MVR category and type of segmental colectomy, the latter was not included in any model. Concerning oncological outcomes, Kaplan-Meier analyses with log-rank test were used. Statistical significance was defined as a p value of < 0.05. PASW Statistics, version 24 (SPSS inc., Chicago, IL) was used.
Results
Patients
A total of 707 patients with primary pT4 colon cancer underwent a macroscopic complete (R0/R1) resection (Supplementary Figure 1 ). Of these, 321 patients and 256 patients were excluded because of T4a stage and M1 disease at diagnosis respectively, resulting in the inclusion of 130 patients with a mean age 68 years and 53% of males. In 97% of patients, the baseline data were complete, and the lost to follow-up rate was 14%, of which half completed 3-year follow-up.
MVR Subcategories Based on Surgical Complications
Explorative analyses using surgical complications as outcome parameter revealed that gastrointestinal MVRs had the strongest association with surgical complications, followed by urologic MVRs, MVRs including (parts of) solid organs, and abdominal wall/omentum/ovaries MVRs (Table 1) . Using this hierarchy, 55 patients (42%) were assigned to the gastrointestinal MVR group, 14 (11%) to the urologic MVR group, 14 (11%) to the group with MVRs including (parts of) solid organs, and 47 (36%) to the abdominal wall/omentum/ovaries MVR group.
The baseline characteristics of the included patients are shown in Table 2 (Supplementary Table 2 shows baseline characteristics without assignment to one specific category). Tumor location, surgical procedure, and N-stage significantly differed between the four MVR categories. Patients in the gastrointestinal MVR category most often had stage II disease (75%). Patients undergoing urologic MVR had a left-sided tumor in 93% and N2-stage in 31%. In the abdominal wall/omentum/ovaries MVR group, right-sided tumors (66%) were overrepresented.
The overall surgical complication rate was 35%. This was 49% after gastrointestinal MVR, 29% after urologic MVR, 36% after MVR including (parts of) solid organs, and 19% after abdominal wall/omentum/ovaries MVR (Supplementary  Table 3a ). Emergency surgery, higher ASA, and open surgery were included in the regressions analysis (Supplementary Figure 2) . Gastrointestinal MVR was independently associated with surgical complications (HR 3.89; 95% CI 1.42-10.64, corrected p = 0.048) as shown in Table 3 . Furthermore, gastrointestinal MVR (HR 3.45; 95% CI 1.15-10.77, corrected p = 0.198) seemed associated with severe complications (CD ≥ 3) (Supplementary Table 3b ). Performing a subanalysis for gastrointestinal MVR patients with and without surgical complications showed that, especially for patients with a combined gastrointestinal/urologic MVR, the complication rate was high (Supplementary Table 3c ).
MVR Subcategories Based on Oncological Outcomes
The overall median follow-up was 56 months (IQR 22-60). After exploratory analyses to assess intra-abdominal recurrence in the total patient group (Table 1 ) and in the patients with MVR belonging to a single category, MVRs were assigned to the four categories in the following order based on clinical impact: 1. Abdominal wall/omentum/ovaries MVRs; 2. MVRs including (parts of) solid organs; 3. urologic MVR; and 4. gastrointestinal MVRs. Overall 5-year intra-abdominal recurrence was 26%. Intra-abdominal recurrence rates for the different categories of MVRs were 36.6% after abdominal wall/omentum/ovaries MVRs; 18.7% after MVRs including (parts of) solid organs; 12.5% after urologic MVRs; and 5.9% after gastrointestinal MVR (log rank, p = 0.041). After multivariable analysis, including age, radicality, and surgical site infections in the model, a high association between MVR abdominal wall/omentum/ovaries and intra-abdominal recurrence was seen (HR 7.8; 95% CI 1.0-57.8, p = 0.046, Table 4 ). No significant association was found of MVR type and 5-year DFS and 5-year OS after multivariable analyses (Supplementary Table 4a and b). The three oncological outcomes were assessed using multivariate cox regression, age (< 70 years or ≥ 70 years), tumor localization (right, left), setting, histology grade (well or moderately differentiated, poorly differentiated or mucinous/signet ring cell), lymph node status (N0 vs N1 and N2), irradicality, receiving adjuvant chemotherapy, and having had a surgical site infection were included in the univariate model. Variables with a p value of < 0.10 in the univariable analyses were included in the multivariable model To assess intra-abdominal recurrence, (i) age, (ii) irradicality (R0 vs R1), and (iii) MVR were included in the multivariate model v To assess DFS, (i) irradicality, (ii) receiving adjuvant chemotherapy, (iii) having had a surgical site infection, and (iv) MVR were included in the multivariate model # To assess OS, (i) age, (ii) receiving adjuvant chemotherapy, and (ii) MVR were included in the model n/a = not applicable as the number of patients with solid organ MVR only with intra-abdominal recurrence was too small to perform this analysis
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Discussion and Conclusion
In this multicenter cohort study including 130 MVRs for T4b colon cancer, a classification with four categories was defined prior to any analysis of the data, based on expected differences in clinical impact. Gastrointestinal MVR combined with or without other categories, was independently associated with postoperative surgical complications if compared to other MVR categories. Almost half of these patients had at least one surgical complication. Regarding oncological outcomes, MVR of the abdominal wall, omentum, or ovaries was independently associated with intra-abdominal recurrence. No significant impact between MVR category and DFS or OS was observed. So far, no classifications of MVRs have been described in the literature. Published data on MVR for T4b colon cancer are scarce, as most reports include rectal cancer. 17 As most of rectal cancers are located extraperitoneally, the surgical implications and pathophysiology of metastatic invasion seem to be different if compared to the intraperitoneal location of colon cancers. Therefore, also from the perspective of MVR for locally advanced disease, colon and rectal cancer are two distinct clinical entities that require a different surgical approach and might have different risk profiles. Only small case series on MVR for colon cancer have been published, with overall complication rates varying between 28 and 48%, recurrence rates between 48 and 86%, and OS between 42 and 74%. 13, [18] [19] [20] These results are consistent with the overall outcomes of the present study.
MVR subclassification can potentially be used to define high-risk MVRs. Consequently, it could guide the discussion of centralized care and be used for benchmarking between centers or between countries. The high association of gastrointestinal MVR with surgical complications could be due to more left-sided resections that are more prone for complications and more often involve the urologic tract. In contrast, abdominal wall/omentum/ovaries MVR was more often associated with right-sided tumors and less often combined with the more high-risk gastrointestinal and urologic MVR categories.
It could be argued that high-risk MVRs should be referred to a limited number of centers, to increase volumes and expertise, which might subsequently improve outcomes. In addition, the risk stratification following the MVR subclassification is of great importance for preoperative patient consultation, especially in the era of shared decision-making. For example, patients with known comorbidities who are planned to undergo gastrointestinal MVRs should probably receive a more tailored and intensified perioperative care.
Interestingly, gastrointestinal MVR tended to have most favorable oncological outcomes, whereas abdominal wall/omentum/ovaries MVR showed the highest association with intra-abdominal recurrence. This group predominantly included abdominal wall resections. This is an interesting hypothesis generating finding. One might suggest that a process of adhesion to adjacent bowel might be part of an inflammatory reaction around the tumor that precedes subsequent tumor infiltration. This could play a protective role, as it is assumed that a shield of adjacent bowel loops around the colon cancer might protect against intraperitoneal seeding of cancer cells. 21 In other words, covering of a serosal site with peritumoral infiltration or minimal tumor penetration by bowel loops or stomach might prevent intraperitoneal dissemination at the time of transition from a T3 to T4 stage. In contrast, adequate coverage of a serosal site by adjacent abdominal wall is probably more difficult considering the restricted mobility in comparison to bowel loops, with more chance of intra-abdominal seeding of exfoliated tumor cells.
To our knowledge, this is the first study exploring associations of categories of MVR with surgical complications and oncological outcomes. The present findings therefore need validation in other cohorts, and one might even explore other subclassifications to look for clinically relevant discrimination of colon cancer patients that need complex surgery for a locally advanced disease. More specifically, we decided to separate the two gynecological organs within the proposed MVR classification, as hysterectomy results in a suture line with potential fistula formation to a bowel anastomosis, while resection of the ovaries is only associated with a minimal risk of surgical complications. However, these theoretical considerations warrant future studies to test the validity of separating the uterus and ovaries. The study is limited by the retrospective data collection, which might have caused an underestimation of postoperative complications due to restricted consistency of variable scoring. Furthermore, complications might have occurred after discharge or beyond the 30-day time frame, and not being captured due to incomplete registration of complications at the outpatient clinic or due to readmission at the local referring hospital. To optimize registration, the first two authors collected all the data and discussed complicated cases. All the pathology (both TNM staging and MVR) was reviewed and Clavien-Dindo grade 1 complications were not taken into account. Furthermore, there was no gold standard to assess intra-abdominal recurrence. Detection of peritoneal metastases can be problematic due to restricted sensitivity of current imaging modalities.
In conclusion, a subclassification of MVRs is a useful way to identify high-risk patients. Patients that underwent a gastrointestinal MVR were identified as having a higher risk of postoperative surgical complications, whereas those with MVRs including abdominal wall/omentum/ovaries were at a higher risk of intra-abdominal recurrences. Validation of this classification and subsequent implementation could be a step forward in facilitating cross-study comparisons, optimizing benchmarking of clinical performance and tailored perioperative care.
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